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primarily fluoroscopic procedures. The amendments will accomplish this by 

a requiring performance features on all fluoroscopic x-ray systems that will 

protect patients and healthcare personnel while maintaining image quality. 

Manufacturers of diagnostic x-ray systems, including fluoroscopy 

equipment, are grouped within the North American Industry Classification 

System (NAICS) industry code 334517 (Irradiation Apparatus Manufacturers)‘. 

The Small Business Administration (SBA) classifies as “small” any entity with 

500 or fewer employees within this industry. Relatively small numbers of 

employees typify firms within this NAICS code group. About one-half of the 

establishments within this industry employ fewer than 20 workers, and 

companies have an average of 1.2 establishments per company. The 

manufacturers are relatively specialized, with about 84 percent of company 

0 
sales coming from within the affected industry. In addition, 97 percent of all 

shipments of irradiation equipment originate by manufacturers classified 

within this industry. 

The Manufacturing Industry Series report on Irradiation Apparatus 

Manufacturing for NAICS code 334517 from the 1997 Economic Census 

indicates 136 companies having 154 establishments for this industry in the 

United States. This report also indicates that only 15 of these establishments 

have 250 or more employees, with only 5 establishments having more than 

500 employees. Therefore, this industry sector is predominately composed of 

firms meeting the SBA description of a “small entity.” Of the total value of 

shipments of $3,797,837,000 for this industry, 73 percent are from the 15 

a 
establishments with 250 or more employees. Thus, for the purposes of the 

1 NAICS has replaced thLe Standard Industrial Classification (SIC) codes. NAICS Industry 
Group 334517 (Irradiation A.pparatus) coincides with SIC Group 3844 (X-Ray Apparatus and 
Tubing). 
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e 
IRFA, most of the diagnostic x-ray equipment manufacturing firms that will 

be affected by these amendments are small entities. 

The impact of the amendments will be similar on manufacturers of 

diagnostic x-ray systems, whether or not they are small entities. This impact 

is the increased costs to design and manufacture x-ray systems that meet the 

new requirements. For those manufacturers that produce smaller numbers of 

systems per year, the impact of the cost of system redesign to meet the new 

requirements will result in a greater per unit cost impact than for 

manufacturers with a high volume of unit sales over which the development 

costs may be spread. This may have a disproportionate impact on the very 

small firms with a low volume of sales. 

FDA considered whether there were approaches that could be taken to 

mitigate this impact on the firms producing the smaller numbers of systems. 

FDA, however, identified no feasible way to do this and also accomplish the 

needed public health protection. The radiation safety-related requirements are 

appropriate for any x-ray system, independent of the circumstances of the 

manufacturer. FDA considers it appropriate for any firm producing x-ray 

systems to provide the level of radiation protection that will be afforded by 

the revised standard. Patients receiving x-ray examinations or procedures 

warrant the same degree of radiation safety regardless of the circumstances of 

the manufacturer of the equipment. 

2. Analysis of Alternatives 

FDA examined and rejected several alternatives to proposing amendments 

l to the performance standard. One alternative was to take no actions to modify 

the standard. This option was rejected because it would not permit clarification 

of the manner in which the standard should be applied to the technological 
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changes occurring with fluoroscopic x-ray system design and function. This 

option was also rejected as failing to meet the public expectation that the 

federal performance standard assures adequate radiation-safety performance 

and features for radiographic and fluoroscopic x-ray systems. The changes that 

have occurred since the standard was developed in the early 1970s necessitate 

modification of the standard to reflect current technology and to recognize the 

increased radiation hazards posed by new fluoroscopic techniques and 

procedures. 

The alternative of :no action to amend the performance standard was also 

rejected because that alternative would continue the current situation in which 

the U.S. standard has some performance requirements that differ from those 

in several of the standards established by the IEC for diagnostic x-ray systems. 

l Several IEC radiation-safety performance requirements are slightly more 

stringent than those of the U.S. standard, which has not, to date, reflected a 

number of changes in x-ray system technology recognized by the IEC standards. 

The proposed amendments will harmonize the U.S. performance standard with 

several of the requirements of the IEC standards where differences currently 

exist. Such harmonization will reduce the necessity for manufacturers to 

comply with different requirements for products marketed in the United States 

versus internationally where the IEC standards are used. The no-action 

alternative would continue these discrepancies between the U.S. and IEC 

standards. 

FDA considered various alternatives for each amendment that would 

a 
require new equipment features or, potentially, system redesign. The 

assessment of the cost of each proposed amendment (listed in the first column 

of table 4 of this document) included consideration of alternatives to the 
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a 
specific amendment (Ref. 5). For amendments requiring equipment changes, 

consideration was given to the following factors: (1) The options or choices 

for specific limits or tolerances when such are imposed; (2) whether the 

amendment requirement should be limited to certain types of equipment or 

applied to all types of radiographic or fluoroscopic systems; (3) the need, 

where possible, to align the U.S. standard with the IEC standards and remove 

conflicts among the standards; and (4) whether the requirement could 

contribute to improved, safer use of the equipment. FDA concluded that the 

amendments are needed to obtain the radiation dose-reduction features 

necessary to facilitate safer use of fluoroscopy. 

One alternative considered would be to implement only certain of the 

proposed amendments and omit others, as a way of reducing the overall costs 

a of the amendments. FDA rejected this approach as inappropriate for two 

reasons. First, it would not result in the desired harmonization between the 

U.S. and international standards, one of the main goals of these amendments. 

Furthermore, implementing only a portion of the separate amendments would 

not result in the anticipated public health benefits that will result from 

providing users with the full range of additional system-performance 

information and dose-reduction features. 

In the notice of proposed rulemaking (67 FR 76056, December 10, 2002) 

FDA requested comments on alternatives to these amendments that would 

accomplish the needed public health protection and, in particular, any 

alternatives that could mitigate the impact on small businesses. No responses 

a 
to this request were received. 

A portion of the unnecessary radiation exposure resulting from current 

fluoroscopic practices might be addressed through the establishment of 
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0 controls on the qualifications and training of physicians permitted to use 

fluoroscopic systems. Contrary to the current situation, such requirements 

could help assure that all physicians using fluoroscopy were adequately 

trained regarding radiation-safety practices, proper fluoroscopic system use, 

and methods for maintaining patient doses as low as reasonably achievable. 

Under current law FDA does not have the authority to establish such 

requirements. To be effective, such a program would have to be established 

by States or medical professional societies or certification bodies. While 

recognizing that encouragement of such activities by FDA is worthwhile, 

reliance on such encouragement alone will not result in the needed 

performance improvement of fluoroscopic x-ray systems. 

l 3. Ensuring Small Entity Participation in Rulemaking 

FDA believes it is possible that the new regulations could have a 

significant impact on small entities. The impact will occur due to increased 

design and production costs for fluoroscopy systems. FDA solicited comment 

on the nature of this impact and whether there are reasonable alternatives that 

might accomplish the intended public health goals. 

The proposed regulations were available on the Internet at http:// 

www.fda.goV for review by all interested parties. FDA communicated the 

proposed regulatory changes to the x-ray equipment manufacturers’ 

organization as well as to parties that had previously indicated an interest in 

amendments to the diagnostic x-ray equipment performance standard. The 

a 
proposed amendments were also brought to the attention of relevant medical 

professional societies and organizations whose members are likely to use 

fluoroscopic x-ray systems. 
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a a L. Reporting Requirements and Duplicate Rules L. Reporting Requirements and Duplicate Rules 

FDA has concluded that the rule imposes new reporting and other FDA has concluded that the rule imposes new reporting and other 

compliance requirements on small businesses. In addition, FDA has identified compliance requirements on small businesses. In addition, FDA has identified 

no relevant Federal rules that may duplicate, overlap, or conflict with the rule. 

AI. Conclusion of the Analysis of Impacts 

FDA has examined the impacts of the amendments to the performance 

standard. Based on this evaluation, an upper-bound estimate has been made 

for average annualized costs amounting to $30.8 million, of which $30.4 

million will be borne by the manufacturers of this equipment. FDA believes 

that the reductions in acute and long-term radiation injuries to patients that 

will be facilitated by the amendments will appreciably outweigh the upper- 

e 

bound costs estimated for compliance with the rules. Finally, FDA has 

concluded that it is likely that this proposal will have a significant impact 

on a substantial number of small entities. FDA solicited comment on all 

aspects of this analysis and all assumptions used. As noted previously in this 

document, only two comments were received that directly addressed the 

analyses and these suggested, qualitatively, that FDA had underestimated 

either the amount of dose reduction that will result or the benefit of such dose 

reduction. These comments, however, do not provide a basis for revising the 

estimates of costs and benefits. 

VIII. Federalism 

This final rule has been reviewed under Executive Order 13132, 

Federalism. This Executive order requires that agencies issuing regulations that 

0 have federalism implications follow certain fundamental federalism principles 

and provide a federalism impact statement that: (1) Demonstrates the agency 

consulted with appropriate State and local officials before developing the final 
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rule, (2) summarizes State concerns, (3) provides the agency’s position 

a supporting the need for regulation, and (4) describes the extent to which the 

concerns of State and local officials have been met. Regulations have 

federalism implications whenever they have a substantial direct effect on the 

States, on the relationship between the National Government and the States, 

or on the distribution of power and responsibilities among various levels of 

government. 

The Executive order indicates that, where National standards are required 

by Federal statutes, agencies shall consult with appropriate State and local 

officials in developing those standards. It also directs agencies to consult with 

State and local officials, to the extent practicable and permitted by law, before 

issuing any regulation with federalism implications that preempts State law. 

0 In enacting the provisions of the RCHSA (which were later transferred 

from the PHS Act to the act by the SMDA), Congress recognized that separate 

State standards alone were insufficient to achieve the type of consistent and 

comprehensive protection that was needed. For this reason, Congress 

established a National radiation control program and authorized FDA (by 

delegation of authority from the Secretary of the Department of Health and 

Human Services) to develop and administer Federal performance standards for 

radiation-emitting electronic products to more effectively protect the public 

health and safety (21 U.S.C. 360hh-360ss). To ensure that State standards 

would not be inconsistent with Federal performance standards for electronic 

products, Congress included explicit preemption language in the act. Section 

0 542 of the act states the following: 

Whenever any standard prescribed pursuant to section 534 with respect to an 

aspect of performance of an electronic product is in effect, no State or political 
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subdivision of a State sh.all have any authority either to establish, or to continue in 

effect, any standard which is applicable to the same aspect of performance of such 

product and which is not identical to the Federal standard. Nothing in this 

subchapter shall be construed to prevent the Federal Government or the government 

of any State or political subdivision thereof from establishing a requirement with 

respect to emission of radiation from electronic products procured for its own use 

if such requirement imposes a more restrictive standard than that required to comply 

with the otherwise applicable Federal standard (21 U.S.C. 360s~). 

Although States may not establish a performance standard for an aspect 

of performance of an electronic product that is not identical to the Federal 

standard, State and local governments do have authority to regulate the use 

of radiation-emitting electronic products, including diagnostic x-ray systems. 

Under this division of responsibility, the Federal performance standards assure 

that electronic products introduced into commerce possess the necessary 

radiation safety features. State and local governments, in turn, may prescribe 

who will be permitted to purchase or use such products. They may also 

establish requirements for facilities using these products in order to assure the 

safe function and operation of the products over their useful life. This division 

of authority and responsibility has ensured the safe use of diagnostic x-ray 

systems since the Federal performance standard was established in 1972. 

FDA has reached out to the States and actively sought their input 

throughout the entire process of developing this rule. In December 1997, FDA 

issued an ANPRM and invited interested parties to express opinions regarding 

the need for amendments to the existing performance standard for diagnostic 

x-ray products. W ith th.e assistance of the Conference of Radiation Control 

Program Directors (CRCPD), a professional association whose membership 

includes the directors of State radiation control agencies, the ANPRM was 
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@  

brought to the attention of all of the State agencies responsible for radiation 

control. In response to the ANPRM, FDA received 12 comments, including 

comments from three States, one local radiation control agency, and comments 

from the CRCPD. In addition, beginning as early as April 1997, FDA provided 

opportunities for comment and discussion about the development of this rule 

at public meetings of FDA’s TEPRSSC committee. In fact, the TEPRSSC’s 

membership during this period included representatives of several State or 

local radiation control programs. Information regarding the proposed 

amendments was also posted on the agency’s Internet Web site, and FDA 

informed the CRCPD of these postings. 

The States also had several opportunities to participate in the development 

of this final rule during various CRCPD meetings at which FDA representatives 

0 
were in attendance. These meetings include: The May 1998 and April 2001 

National meetings, during which FDA made presentations; the May 2000 

National meeting, which provided an opportunity for discussion about the 

amendments during the a special interest session at that meeting; and the May 

2004 National meeting, during which FDA provided an update on the 

amendments. FDA also discussed the proposed amendments at two FDA 

regional meetings with State radiation control officials held in July and August 

of 2002. 

Finally, the States lhad an additional opportunity to participate in the 

rulemaking process by submitting comments on the proposed rule. FDA 

specifically directed a rnailing of the proposed rule to State health officials 

a 
in order to encourage them to submit comments. 

We received no comments from State or local officials regarding the 

federalism section of the proposed rule. The two states that commented on 
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the proposed rule were generally supportive of the rule. The comments from 

e these States have already been addressed previously in section III of this 

document. (See comments 1, 34, and 47.) 

FDA believes that this final rule is consistent with the federalism 

principles expressed in Executive Order 13132. The rule only preempts State 

law to the extent required by statute and only on the limited aspects of 

performance of fluoroscopic and radiographic x-ray systems covered by this 

rule. In addition, FDA is not aware of any existing State or local requirements 

that will be displaced by this rule. The purpose of this final rule is to amend 

the Federal performance standard to account for changes in technology and 

use of fluoroscopic and radiographic x-ray systems. FDA believes these 

amendments are vital to ensuring the kind of consistent and effective radiation 

0 control protection Congress envisioned when it enacted the radiation control 

provisions of the act. 
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List of Subjects in 21 CFR Part 1020 

Electronic products, Medical devices, Radiation protection, Reporting and 

recordkeeping requirernents, Television, X-rays. 

w Therefore, under the IFederal Food, Drug, and Cosmetic Act, and under 

authority delegated to the Commissioner of Food and Drugs, 21 CFR part 1020 

is amended as follows: 

PART 1020-PERFORMANCE STANDARDS FOR IONIZING RADIATION 

EMITTING PRODUCTS 

0 n 1. The authority citation for 21 CFR part 1020 continues to read as follows: 

Authority: 21 U.S.C. 351,352,36Oe-36Oj,36Ogg-36Oss,371,381. 

H 2. Revise § 1020.30 to read as follows: 

6 1020.30 Diagnostic x-ray systems and their major components. 

(a) Applicability. (11) The provisions of this section are applicable to: 

(i) The following components of diagnostic x-ray systems: 

(A) Tube housing assemblies, x-ray controls, x-ray high-voltage generators, 

x-ray tables, cradles, film changers, vertical cassette holders mounted in a fixed 

location and cassette holders with front panels, and beam-limiting devices 

manufactured after August 1, 1974. 

a (B) Fluoroscopic imaging assemblies manufactured after August 1,1974, 

and before April 26, 1977, or after [insert dote I year afier dote of publication 

in the Federal Register]. 
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(C) Spot-film devices and image intensifiers manufactured after April 26, 

1977. 

(D) Cephalometric devices manufactured after February 25,1978. 

(E) Image receptor support devices for mammographic x-ray systems 

manufactured after September 5, 1978. 

(F) Image receptors that are electrically powered or connected with the 

x-ray system manufactured on or after [inserf date z year after date of 

publication in the Federal Register]. 

(G) Fluoroscopic air kerma display devices manufactured on or after [insert 

date 1 year after date ofpublication in the Federal Register]. 

(ii) Diagnostic x-ray systems, except computed tomography x-ray systems, 

incorporating one or more of such components; however, such x-ray systems 

e shall be required to comply only with those provisions of this section and 

§§ 1020.31 and 1020.32, which relateto the components certified in 

accordance with paragraph (c) of this section and installed into the systems. 

(iii) Computed tomography (CT) x-ray systems manufactured before 

November 29,1984. 

(iv) CT gantries manufactured after September 3, 1985. 

(2) The following provisions of this section and § 1020.33 are applicable 

to CT x-ray systems manufactured or remanufactured on or after November 

29,1984: 

(i)Section 1020.30(a); 

(ii) Section 1020.30(b) “Technique factors”; 

(iii) Section 1020.30(b) “CT,” “Dose,” “Scan,” “Scan time,” and 

e “Tomogram”; 

(iv) Section 1620.36(h)(3)(vi) through (h)(3)(viii); 

(v) Section 1020.301(n); 
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(vi) Section 1020.33(a) and (b); 

e (vii)Section 1020.33(c)(l) as it affects § 1020.33(c)(2); and 

(viii) Section 1020.33(c)(2). 

(3) The provisions of this section and § 1020.33 in its entirety, including 

those provisions in paragraph (a)(2) of this section, are applicable to CT x- 

ray systems manufactured or remanufactured on or after September 3, 1985. 

The date of manufacture of the CT system is the date of manufacture of the 

CT gantry. 

(b) Definitions. As used in this section and §§ 1020.31, 1020.32, and 

1020.33, the following definitions apply: 

Accessible suqfuce means the external surface of the enclosure or housing 

provided by the manufacturer. 

@  
Accessory component means: 

(I) A component used with diagnostic x-ray systems, such as a cradle or 

film changer, that is not necessary for the compliance of the system with 

applicable provisions of this subchapter but which requires an initial 

determination of comp’atibility with the system; or 

(2) A component necessary for compliance of the system with applicable 

provisions of this subchapter but which may be interchanged with similar 

compatible components without affecting the system’s compliance, such as one 

of a set of interchangeable beam-limiting devices; or 

(3) A component compatible with all x-ray systems with which it may be 

used and that does not require compatibility or installation instructions, such 

m 
as a tabletop cassette holder. 

Air kerma means kerma in air (see definition of Kerma). 

Air kerma rate (AKR) means the air kerma per unit time. 
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Aluminum equiva!ent means the thickness of aluminum (type 1100 alloy)J 

affording the same attenuation, under specified conditions, as the material in 

question. 

Az-ticulated joint means a joint between two separate sections of a tabletop 

which joint provides the capacity for one of the sections to pivot on the line 

segment along which the sections join. 

Assembler means any person engaged in the business of assembling, 

replacing, or installing one or more components into a diagnostic x-ray system 

or subsystem. The term includes the owner of an x-ray system or his or her 

employee or agent who1 assembles components into an x-ray system that is 

subsequently used to provide professional or commercial services. 

Attenuation block means a block or stack of type 1100 aluminum alloy, 

e 
or aluminum alloy having equivalent attenuation, with dimensions 20 

centimeters (cm) or larger by 20 cm or larger by 3.8 cm, that is large enough 

to intercept the entire x-ray beam. 

Automatic exposure control (AEC) means a device which automatically 

controls one or more technique factors in order to obtain at a preselected 

location(s) a required quantity of radiation. 

Automatic exposure rate control (AERC) means a device which 

automatically controls one or more technique factors in order to obtain at a 

preselected location(s) ,a required quantity of radiation per unit time. 

Beam axis means a line from the source through the centers of the x-ray 

fields. 

Beam-limiting device means a device which provides a means to restrict 

m  the dimensions of the x-ray field. 

1 The nominal chemical composition of type 1100 aluminum alloy is 99.00 percent 
minimum aluminum, 0.12 percent copper, as given in “Aluminum Standards and Data” 
(1969). Copies may be obtained from The Aluminum Association, New York, NY. 
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C-arm fluoroscope means a fluoroscopic x-ray system in which the image 

receptor and the x-ray tube housing assembly are connected or coordinated 

to maintain a spatial relationship. Such a system allows a change in the 

direction of the beam axis with respect to the patient without moving the 

patient. 

Cantilevered tabletop means a tabletop designed such that the 

unsupported portion can be extended at least 100 cm beyond the support. 

Cassette holder means a device, other than a spot-film device, that 

supports and/or fixes the position of an x-ray film cassette during an x-ray 

exposure. 

Cephalometric device means a device intended for the radiographic 

visualization and measurement of the dimensions of the human head. 

Coefficient of variation means the ratio of the standard deviation to the 

mean value of a population of observations. It is estimated using the following 

equation: 
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[INSERT EQUATION] 

e 
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where: 

e s = Estimated standard deviation of the population. 

ji = Mean value of observations in sample. 

Xi = ith observation sampled. 

n = Number of observations sampled. 

Computed tomography (CT’ means the production of a tomogram by the 

acquisition and computer processing of x-ray transmission data. 

Control panel means that part of the x-ray control upon which are 

mounted the switches, knobs, pushbuttons, and other hardware necessary for 

manually setting the technique factors. 

Cooling curve means the graphical relationship between heat units stored 

and cooling time. 

0 Cradle means: 

(1) A removable device which supports and may restrain a patient above 

an x-ray table; or 

(2) A device; 

(i) Whose patient support structure is interposed between the patient and 

the image receptor during normal use; 

(ii) Which is equipped with means for patient restraint; and 

(iii) Which is capable of rotation about its long (longitudinal) axis. 

CT gan try means tube housing assemblies, beam-limiting devices, 

detectors, and the supporting structures, frames, and covers which hold and/ 

or enclose these components. 

0 Cumulative air kerma means the total air kerma accrued from the 

beginning of an exammation or procedure and includes all contributions from 

fluoroscopic and radiographic irradiation. 
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Diagnostic source assembly means the tube housing assembly with a beam- 

0 limiting device attached. 

Diagnostic x-ray system means an x-ray system designed for irradiation 

of any part of the human body for the purpose of diagnosis or visualization. 

Dose means the absorbed dose as defined by the International Commission 

on Radiation Units and Measurements. The absorbed dose, D, is the quotient 

of de by dm, where de is the mean energy imparted to matter of mass dm; 

thus D=de/dm; in units of J/kg, where the special name for the unit of absorbed 

dose is gray (Gy). 

Equipment means x-ray equipment. 

Exposure (X) means the quotient of dQ by dm where dQ is the absolute 

value of the total charge of the ions of one sign produced in air when all the 

@  
electrons and positrons liberated or created by photons in air of mass dm are 

completely stopped in air; thus X=dQ/dm, in units of C/kg. A second meaning 

of exposure is the process or condition during which the x-ray tube produces 

x-ray radiation. 

Field emission equipment means equipment which uses an x-ray tube in 

which electron emission from the cathode is due solely to action of an electric 

field. 

Fluoroscopic air kerma display device means a device, subsystem, or 

component that provides the display of AKR and cumulative air kerma 

required by 5 1020.32(k). It includes radiation detectors, if any, electronic and 

computer components, associated software, and data displays. 

l Fluoroscopic imaging assembly means a subsystem in which x-ray photons 

produce a set of fluoroscopic images or radiographic images recorded from the 

fluoroscopic image receptor. It includes the image receptor(s), electrical 
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interlocks, if any, and structural material providing linkage between the image 

e receptor and diagnostic source assembly. 

Fluoroscopic irradiation time means the cumulative duration during an 

examination or procedure of operator-applied continuous pressure to the 

device, enabling x-ray tube activation in any fluoroscopic mode of operation. 

FIuoroscopy means a technique for generating x-ray images and presenting 

them simultaneously and continuously as visible images. This term has the 

same meaning as the term “radioscopy” in the standards of the International 

Electrotechnical Commission. 

General purpose radiographic x-ray system means any radiographic x-ray 

system which, by design, is not limited to radiographic examination of specific 

anatomical regions. 

0 Half-value layer (HV..] means the thickness of specified material which 

attenuates the beam of radiation to an extent such that the AKR is reduced 

to one-half of its original value. In this definition the contribution of all 

scattered radiation, other than any which might be present initially in the beam 

concerned, is deemed to be excluded. 

Image intensifier means a device, installed in its housing, which 

instantaneously converts an x-ray pattern into a corresponding light image of 

higher energy density. 

Image receptor means any device, such as a fluorescent screen, 

radiographic film, x-ray image intensifier tube, solid-state detector, or gaseous 

detector, which transforms incident x-ray photons either into a visible image 

l or into another form which can be made into a visible image by further 

transformations. In those cases where means are provided to preselect a portion 
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of the image receptor, the term “image receptor” shall mean the preselected 

l portion of the device. 

Image receptor support device means, for mammography x-ray systems, 

that part of the system designed to support the image receptor during a 

mammographic examination and to provide a primary protective barrier. 

Isocenter means the center of the smallest sphere through which the beam 

axis passes when the equipment moves through a full range of rotations about 

its common center. 

Kerma means the quantity as defined by the International Commission on 

Radiation Units and Measurements. The kerma, K, is the quotient of dE, by 

dm, where dE,, is the sum of the initial kinetic energies of all the charged 

particles liberated by uncharged particles in a mass dm of material; thus 

l K=dE,,/dm, in units of J/kg, where the special name for the unit of kerma is 

gray (Gy). When the material is air, the quantity is referred to as “air kerma.” 

Last-image-hold (IJH) radiograph means an image obtained either by 

retaining one or more fluoroscopic images, which may be temporally 

integrated, at the end of a fluoroscopic exposure or by initiating a separate 

and distinct radiographic exposure automatically and immediately in 

conjunction with termination of the fluoroscopic exposure. 

Lateral fluoroscope means the x-ray tube and image receptor combination 

in a biplane system dedicated to the lateral projection. It consists of the lateral 

x-ray tube housing assembly and the lateral image receptor that are fixed in 

position relative to the table with the x-ray beam axis parallel to the plane 

a of the table. 

Leakage radiation .means radiation emanating from the diagnostic source 

assembly except for: 
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(1) The useful beam; and 

* (2) Radiation produced when the exposure switch or timer is not activated. 

Leakage technique factors means the technique factors associated with the 

diagnostic source asse:mbly which are used in measuring leakage radiation. 

They are defined as folllows: 

(1) For diagnostic source assemblies intended for capacitor energy storage 

equipment, the maximum-rated peak tube potential and the maximum-rated 

number of exposures in an hour for operation at the maximum-rated peak tube 

potential with the quantity of charge per exposure being 10 millicoulombs (or I 

10 mAs) or the minimum obtainable from the unit, whichever is larger; 

(2) For diagnostic source assemblies intended for field emission equipment 

rated for pulsed operation, the maximum-rated peak tube potential and the 

@ 
maximum-rated number of x-ray pulses in an hour for operation at the 

maximum-rated peak tube potential; and 

(3) For all other di,agnostic source assemblies, the maximum-rated peak 

tube potential and the :maximum-rated continuous tube current for the 

maximum-rated peak tube potential. 

Light field means that area of the intersection of the light beam from the 

beam-limiting device and one of the set of planes parallel to and including 

the plane of the image receptor, whose perimeter is the locus of points at which 

the illuminance is one-fourth of the maximum in the intersection. 

Line-voltage regulation means the difference between the no-load and the 

load line potentials expressed as a percent of the load line potential; that is, 

0 Percent line-voltage regulation = lOO(V, - Vj)/Vi 

where: 

V - No-load line potential and n- 
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Vi = Load line potential. 

0 Maximum line current means the root mean square current in the supply 

line of an x-ray machine operating at its maximum rating. 

Mode of operation means, for fluoroscopic systems, a distinct method of 

fluoroscopy or radiography provided by the manufacturer and selected with 

a set of several technique factors or other control settings uniquely associated 

with the mode. The set of distinct technique factors and control settings for 

the mode may be selected by the operation of a single control. Examples of 

distinct modes of operation include normal fluoroscopy (analog or digital), 

high-level control fluoroscopy, cineradiography (analog or digital), digital 

subtraction angiography, electronic radiography using the fluoroscopic image 

receptor, and photospot recording. In a specific mode of operation, certain 

a 
system variables affecting air kerma, AKR, or image quality, such as image 

magnification, x-ray field size, pulse rate, pulse duration, number of pulses, 

source-image receptor distance (SID), or optical aperture, may be adjustable 

or may vary; their variation per se does not comprise a mode of operation 

different from the one that has been selected. 

Movable tabletop means a tabletop which, when assembled for use, is 

capable of movement with respect to its supporting structure within the plane 

of the tabletop. 

Non-image-intensi,Ged fluoroscopy means fluoroscopy using only a 

fluorescent screen. 

Peak tube p0tentia.l means the maximum value of the potential difference 

srn across the x-ray tube during an exposure. 
L 

Primary protective barrier means the material, excluding filters, placed in 

the useful beam to reduce the radiation exposure for protection purposes. 
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Pulsed mode means operation of the x-ray system such that the x-ray tube 

a current is pulsed by the x-ray control to produce one or more exposure 

intervals of duration less than one-half second. 

Quick change x-ray tube means an x-ray tube designed for use in its 

associated tube housing such that: 

(1) The tube cannot be inserted in its housing in a manner that would 

result in noncompliance of the system with the requirements of paragraphs 

(k) and (m) of this section; 

(2) The focal spot position will not cause noncompliance with the 

provisions of this secti’on or § 1020.31 or 1020.32; 

(3) The shielding within the tube housing cannot be displaced; and 

(4) Any removal and subsequent replacement of a beam-limiting device 

during reloading of the tube in the tube housing will not result in 

a noncompliance of the x-ray system with the applicable field limitation and 

alignment requirements of §§ 1020.31 and 1020.32. 

Radiation therapy simulation system means a radiographic or fluoroscopic 

x-ray system intended for localizing the volume to be exposed during radiation 

therapy and confirming the position and size of the therapeutic irradiation 

field. 

Radiography means a technique for generating and recording an x-ray 

pattern for the purpose of providing the user with an image(s) after termination 

of the exposure. 

Rated Iine voltage means the range of potentials, in volts, of the supply 

line specified by the m,anufacturer at which the x-ray machine is designed to 

a operate. 

Rated output current means the maximum allowable load current of the 

x-ray high-voltage generator. 



126 

Rated output voltage means the allowable peak potential, in volts, at the 

0 output terminals of the x-ray high-voltage generator. 

Rating means the operating limits specified by the manufacturer. 

Recording means producing a retrievable form of an image resulting from 

x-ray photons. 

Scan means the co’mplete process of collecting x-ray transmission data for 

the production of a tomogram. Data may be collected simultaneously during 

a single scan for the production of one or more tomograms. 

Scan time means the period of time between the beginning and end of 

x-ray transmission data accumulation for a single scan. 

Solid state x-ray imaging device means an assembly, typically in a 

rectangular panel configuration, that intercepts x-ray photons and converts the 

0 

photon energy into a modulated electronic signal representative of the x-ray 

intensity over the area of the imaging device. The electronic signal is then used 

to create an image for display and/or storage. 

Source means the focal spot of the x-ray tube. 

Source-image rece,ptor distance (S10) means the distance from the source 

to the center of the input surface of the image receptor. 

Source-skin distance (SSD) means the distance from the source to the 

center of the entrant x-ray field in the plane tangent to the patient skin surface. 

Spot-film device means a device intended to transport and/or position a 

radiographic image receptor between the x-ray source and fluoroscopic image 

receptor. It includes a device intended to hold a cassette over the input end 

of the fluoroscopic image receptor for the purpose of producing a radiograph. 

a 
Stationary tabletop means a tabletop which, when assembled for use, is 

incapable of movement with respect to its supporting structure within the 

plane of the tabletop. 
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Technique factors means the following conditions of operation: 

0 (1) For capacitor energy storage equipment, peak tube potential in kilovolts 

(kV) and quantity of charge in milliampere-seconds (mAs); 

(2) For field emission equipment rated for pulsed operation, peak tube 

potential in kV and number of x-ray pulses; 

(3) For CT equipment designed for pulsed operation, peak tube potential 

in kV, scan time in seconds, and either tube current in milliamperes (mA), 

x-ray pulse width in seconds, and the number of x-ray pulses per scan, or the 

product of the tube current, x-ray pulse width, and the number of x-ray pulses 

in mAs; 

(4) For CT equipment not designed for pulsed operation, peak tube 

potential in kV, and either tube current in mA and scan time in seconds, or 

l the product of tube current and exposure time in mAs and the scan time when 

the scan time and exposure time are equivalent; and 

(5) For all other equipment, peak tube potential in kV, and either tube 

current in mA and exposure time in seconds, or the product of tube current 

and exposure time in mAs. 

Tomogram means the depiction of the x-ray attenuation properties of a 

section through a body. 

Tube means an x-ray tube, unless otherwise specified. 

Tube housing assembly means the tube housing with tube installed. It 

includes high-voltage and/or filament transformers and other appropriate 

elements when they are contained within the tube housing. 

0 Tube rating chart means the set of curves which specify the rated limits 

of operation of the tube in terms of the technique factors. 
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Useful beam means the radiation which passes through the tube housing 

e port and the aperture of the beam-limiting device when the exposure switch 

or timer is activated. 

Variable-aperture beam-limiting device means a beam-limiting device 

which has the capacity for stepless adjustment of the x-ray field size at a given 

SID. 

Visible area means the portion of the input surface of the image receptor 

over which incident x-ray photons are producing a visible image. 

X-ray control means a device which controls input power to the x-ray 

high-voltage generator and/or the x-ray tube. It includes equipment such as 

timers, phototimers, automatic brightness stabilizers, and similar devices, 

which control the technique factors of an x-ray exposure. 

a 

X-ray equipment means an x-ray system, subsystem, or component thereof. 

Types of x-ray equipment are as follows: 

(1) Mobile x-ray equipment means x-ray equipment mounted on a 

permanent base with wheels and/or casters for moving while completely 

assembled; 

(2) Portable x-ray equipment means x-ray equipment designed to be hand- 

carried; and 

(3) Stationary x-my equipment means x-ray equipment which is installed 

in a fixed location. 

X-ruyfield means that area of the intersection of the useful beam and any 

one of the set of planes parallel to and including the plane of the image 

receptor, whose perimeter is the locus of points at which the AKR is one-fourth 

a 
of the maximum in the intersection. 

X-ray high-voltage generator means a device which transforms electrical 

energy from the potential supplied by the x-ray control to the tube operating 
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e 

potential. The device may also include means for transforming alternating 

current to direct current, filament transformers for the x-ray tube(s), high- 

voltage switches, electrical protective devices, and other appropriate elements. 

X-ray system means an assemblage of components for the controlled 

production of x-rays. It includes minimally an x-ray high-voltage generator, 

an x-ray control, a tube housing assembly, a beam-limiting device, and the 

necessary supporting structures. Additional components which function with 

the system are considered integral parts of the system. 

X-ray subsystem means any combination of two or more components of 

an x-ray system for which there are requirements specified in this section and 

~~1020.31 and 1020.32. 

X-ray table means a patient support device with its patient support 

a structure (tabletop) interposed between the patient and the image receptor 

during radiography and/or fluoroscopy. This includes, but is not limited to, 

any stretcher equipped with a radiolucent panel and any table equipped with 

a cassette tray (or buck,y), cassette tunnel, fluoroscopic image receptor, or spot- 

film device beneath the tabletop. 

X-ray tube means any electron tube which is designed for the conversion 

of electrical energy into x-ray energy. 

(c) Manufacturers’ responsibility. Manufacturers of products subject to 

§§ 1020.30 through 102:0.33 shall certify that each of their products meet all 

applicable requirements when installed into a diagnostic x-ray system 

according to instructions. This certification shall be made under the format 

a 
specified in § 1010.2 of this chapter. Manufacturers may certify a combination 

of two or more components if they obtain prior authorization in writing from 

the Director of the Office of Compliance of the Center for Devices and 
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Radiological Health (CIDRH). Manufacturers shall not be held responsible for 

a noncompliance of their products if that noncompliance is due solely to the 

improper installation or assembly of that product by another person; however, 

manufacturers are responsible for providing assembly instructions adequate to 

assure compliance of their components with the applicable provisions of 

§§ 1020.30 through 1020.33. 

(d) Assemblers’ responsibility. An assembler who installs one or more 

components certified as required by paragraph (c) of this section shall install 

certified components that are of the type required by § 1020.31,1020.32, or 

1020.33 and shall assemble, install, adjust, and test the certified components 

according to the instructions of their respective manufacturers. Assemblers 

shall not be liable for noncompliance of a certified component if the assembly 

e 
of that component was according to the component manufacturer’s instruction. 

(1) Reports of assembly. All assemblers who install certified components 

shall file a report of assembly, except as specified in paragraph (d)(2) of this 

section. The report will be construed as the assembler’s certification and 

identification under 5s 1010.2 and 1010.3 of this chapter. The assembler shall 

affirm in the report thalt the manufacturer’s instructions were followed in the 

assembly or that the certified components as assembled into the system meet 

all applicable requirements of §§ 1020.30 through 1020.33. All assembler 

reports must be on a form prescribed by the Director, CDRH. Completed reports 

must be submitted to the Director, the purchaser, and, where applicable, to 

the State agency responsible for radiation protection within 15 days following 

a 

completion of the assembly. 

(2) Exceptions to reporfing requirements. Reports of assembly need not be 

submitted for any of the following: 
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(i) Reloaded or replacement tube housing assemblies that are reinstalled 

in or newly assembled into an existing x-ray system; 

(ii) Certified accessory components that have been identified as such to 

CDRH in the report required under § 1002.10 of this chapter; 

(iii) Repaired components, whether or not removed from the system and 

reinstalled during the course of repair, provided the original installation into 

the system was reported; or 

(iv)(A) Components installed temporarily in an x-ray system in place of 

components removed temporarily for repair, provided the temporarily installed 

component is identifietd by a tag or label bearing the following information: 

Temporarily Installed Component 

This certified component has been assembled, installed, adjusted, and tested by me 

l according to the instructions provided by the manufacturer. 

Signature 

Company Name 

Street Address, P.O. Box 

City, State, Zip Code 

Date of Installation 

(B) The replacement of the temporarily installed component by a 

component other than the component originally removed for repair shall be 

reported as specified in paragraph (d)(l) of this section. 

(e) Identification o,f x-ray coznponen ts. In addition to the identification 

requirements specified in § 1010.3 of this chapter, manufacturers of 

a 
components subject to this section and §§ 1020.31,1020.32, and 1020.33, 

except high-voltage generators contained within tube housings and beam- 

limiting devices that are integral parts of tube housings, shall permanently 
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a 

inscribe or affix thereon the model number and serial number of the product 

so that they are legible and accessible to view. The word “model” or “type” 

shall appear as part of the manufacturer’s required identification of certified 

x-ray components. Where the certification of a system or subsystem, consisting 

of two or more components, has been authorized under paragraph (c) of this 

section, a single inscription, tag, or label bearing the model number and serial 

number may be used toI identify the product. 

(I) Tube housing assemblies. In a similar manner, manufacturers of tube 

housing assemblies sha.11 also inscribe or affix thereon the name of the 

manufacturer, model number, and serial number of the x-ray tube which the 

tube housing assembly incorporates. 

(2) Replacement ojtubes. Except as specified in paragraph (e)(3) of this 

e section, the replacement of an x-ray tube in a previously manufactured tube 

housing assembly certified under paragraph (c) of this section constitutes 

manufacture of a new tube housing assembly, and the manufacturer is subject 

to the provisions of paragraph (e)(l) of this section. The manufacturer shall 

remove, cover, or deface any previously affixed inscriptions, tags, or labels that 

are no Ionger applicablae. 

(3) Quick-change x-ray tubes. The requirements of paragraph (e)(2) of this 

section shall not apply to tube housing assemblies designed and designated 

by their original manufacturer to contain quick change x-ray tubes. The 

manufacturer of quick-change x-ray tubes shall include with each replacement 

tube a label with the tube manufacturer’s name, the model, and serial number 

0 
of the x-ray tube. The manufacturer of the tube shall instruct the assembler 

who installs the new tube to attach the label to the tube housing assembly 
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and to remove, cover, or deface the previously affixed inscriptions, tags, or 

labels that are described by the tube manufacturer as no longer applicable. 

(f) [Reserved] 

(g) Information to be provided to assemblers. Manufacturers of components 

listed in paragraph (a)(:t) of this section shall provide to assemblers subject 

to paragraph (d) of this section and, upon request, to others at a cost not to 

exceed the cost of publication and distribution, instructions for assembly, 

installation, adjustment, and testing of such components adequate to assure 

that the products will comply with applicable provisions of this section and 

§§ 1020.31, 1020.32, and 1020.33, when assembled, installed, adjusted, and 

tested as directed. Such instructions shall include specifications of other 

components compatible with that to be installed when compliance of the 

a system or subsystem depends on their compatibility. Such specifications may 

describe pertinent physical characteristics of the components and/or may list 

by manufacturer model number the components which are compatible. For x- 

ray controls and generators manufactured after May 3, 1994, manufacturers 

shall provide: 

(1) A statement of the rated line voltage and the range of line-voltage 

regulation for operation at maximum line current; 

(2) A statement of the maximum line current of the x-ray system based 

on the maximum input voltage and current characteristics of the tube housing 

assembly compatible with rated output voltage and rated output current 

characteristics of the x-ray control and associated high-voltage generator. If the 

a 
rated input voltage and current characteristics of the tube housing assembly 

are not known by the manufacturer of the x-ray control and associated high- 

voltage generator, the manufacturer shall provide information necessary to 
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allow the assembler to determine the maximum line current for the particular 

a tube housing assembly(ies); 

(3) A statement of the technique factors that constitute the maximum line 

current condition described in paragraph (g)(2) of this section. 

(h) Information to rSe provl’ded to users. Manufacturers of x-ray equipment 

shall provide to purchasers and, upon request, to others at a cost not to exceed 

the cost of publication (and distribution, manuals or instruction sheets which 

shall include the following technical and safety information: 

(1) AlI x-ray equipment. For x-ray equipment to which this section and 

5s 1020.31, 1020.32, and 1020.33 are applicable, there shall be provided: 

(i) Adequate instructions concerning any radiological safety procedures 

and precautions which may be necessary because of unique features of the 

l 
equipment; and 

(ii) A schedule of the maintenance necessary to keep the equipment in 

compliance with this section and §§ 1020.31, 1020.32, and 1020.33. 

(2) Tube housing assemblies. For each tube housing assembly, there shall 

be provided: 

(i) Statements of the leakage technique factors for all combinations of tube 

housing assemblies and beam-limiting devices for which the tube housing 

assembly manufacturer states compatibility, the minimum filtration 

permanently in the useful beam expressed as millimeters (mm) of aluminum 

equivalent, and the peatk tube potential at which the aluminum equivalent was 

obtained; 

(ii) Cooling curves for the anode and tube housing; and 

a 
(iii) Tube rating charts. If the tube is designed to operate from different 

types of x-ray high-voltage generators (such as single-phase self rectified, 

single-phase half-wave rectified, single-phase full-wave rectified, 3-phase 6- 
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pulse, S-phase 1%pulse, constant potential, capacitor energy storage) or under 

modes of operation suc:h as alternate focal spot sizes or speeds of anode 

rotation which affect it,s rating, specific identification of the difference in 

ratings shall be noted. 

(3) X-ray controls and generators. For the x-ray control and associated x- 

ray high-voltage generator, there shall be provided: 

(i) A statement of the rated line voltage and the range of line-voltage 

regulation for operation at maximum line current; 

(ii) A statement of the maximum line current of the x-ray system based 

on the maximum input voltage and output current characteristics of the tube 

housing assembly com:patible with rated output voltage and rated current 

characteristics of the x-ray control and associated high-voltage generator. If the 

rated input voltage and1 current characteristics of the tube housing assembly 

are not known by the manufacturer of the x-ray control and associated high- 

voltage generator, the manufacturer shall provide necessary information to 

allow the purchaser to determine the maximum line current for his particular 

tube housing assembly(ies); 

(iii) A statement of the technique factors that constitute the maximum line 

current condition described in paragraph (h)(S)(ii) of this section; 

(iv) In the case of battery-powered generators, a specification of the 

minimum state of charge necessary for proper operation; 

(v) Generator rating and duty cycle; 

(vi) A statement of the maximum deviation from the preindication given 

a 
by labeled technique factor control settings or indicators during any 

radiographic or CT exposure where the equipment is connected to a power 

supply as described in accordance with this paragraph. In the case of fixed 
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technique factors, the maximum deviation from the nominal fixed value of 

each factor shall be stated; 

(vii) A statement of the maximum deviation from the continuous 

indication of x-ray tube potential and current during any fluoroscopic exposure 

when the equipment is connected to a power supply as described in 

accordance with this paragraph; and 

(viii) A statement describing the measurement criteria for all technique 

factors used in paragraphs (h)(3)(iii), (h)(S)(vi), and (h)(a)(vii) of this section; 

for example, the beginning and endpoints of exposure time measured with 

respect to a certain percentage of the voltage waveform. 

(4) Beam-limifing device. For each variable-aperture beam-limiting device, 

there shall be provided; 

l (i) Leakage technique factors for all combinations of tube housing 

assemblies and beam-limiting devices for which the beam-limiting device 

manufacturer states compatibility; and 

(ii) A statement including the minimum aluminum equivalent of that part 

of the device through which the useful beam passes and including the x-ray 

tube potential at which the aluminum equivalent was obtained. When two or 

more filters are provided as part of the device, the statement shall include the 

aluminum equivalent of each filter. 

(5) Imaging system information. For x-ray systems manufactured on or. 

after [insert date I year after date of publication in the Federal Register], that 

produce images using the fluoroscopic image receptor, the following 

0 information shall be provided in a separate, single section of the user’s 

instruction manual or in a separate manual devoted to this information: 
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(i) For each mode of operation, a description of the mode and detailed 

0 instructions on how the mode is engaged and disengaged. The description of 

the mode shall identify those technique factors and system controls that are 

fixed or automatically adjusted by selection of the mode of operation, 

including the manner in which the automatic adjustment is controlled. This 

information shall include how the operator can recognize which mode of 

operation has been selected prior to initiation of x-ray production. 

(ii) For each mode of operation, a descriptive example(s) of any specific 

clinical procedure(s) or imaging task(s) for which the mode is recommended 

or designed and how each mode should be used. Such recommendations do 

not preclude other clinical uses. 

(6) Displays of values of AKR and cumulative air kerma. For fluoroscopic 

a 
x-ray systems manufactured on or after [insert date z year after date of 

publication in the Federal Register], the following shall be provided: 

(i) A schedule of maintenance for any system instrumentation associated 

with the display of air lkerma information necessary to maintain the displays 

of AKR and cumulative air kerma within the limits of allowed uncertainty 

specified by § 1020.32(k)(6) and, if the capability for user calibration of the 

display is provided, adequate instructions for such calibration; 

(ii) Identification of the distances along the beam axis: 

(A) From the focal spot to the isocenter, and 

(B) From the focal spot to the reference location to which displayed values 

of AKR and cumulative air kerma refer according to 5 1020,32(k)(4); 

0 (iii) A rationale for specification of a reference irradiation location 

alternative to 15 cm from the isocenter toward the x-ray source along the beam 
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axis when such alternative specification is made according to 

§ 1020.32(k)(4)(ii). 

(i) [Reserved] 

(j) Warning label. The control panel containing the main power switch 

shall bear the warning statement, legible and accessible to view: 

“Warning: This x-ray unit may be dangerous to patient and operator unless safe 

exposure factors, operating instructions and maintenance schedules are observed.” 

(k) Leakage radiation from the diagnostic source assembly. The leakage 

radiation from the diagnostic source assembly measured at a distance of 1 

meter in any direction from the source shall not exceed 0.88 milligray (mGy) 

air kerma (vice 100 milliroentgen (mR) exposure) in 1 hour when the x-ray 

tube is operated at the leakage technique factors. If the maximum rated peak 

0 tube potential of the tube housing assembly is greater than the maximum rated 

peak tube potential for the diagnostic source assembly, positive means shall 

be provided to limit the maximum x-ray tube potential to that of the diagnostic 

source assembly. Compliance shall be determined by measurements averaged 

over an area of 100 squ’are cm with no linear dimension greater than 20 cm. 

(1) Radiation from components other than the diagnostic source assembly. 

The radiation emitted by a component other than the diagnostic source 

assembly shall not exceed an air kerma of 18 microGy (vice 2 mR exposure) 

in 1 hour at 5 cm from any accessible surface of the component when it is 

operated in an assembled x-ray system under any conditions for which it was 

designed. Compliance shall be determined by measurements averaged over an 

area of 100 square cm with no linear dimension greater than 20 cm. 

(m) Beam quality--(l) Half-value layer (HVIJ. The HVL of the useful beam 

for a given x-ray tube potential shall not be less than the appropriate value 
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shown in table 1 in paragraph (m)(l) of this section under the heading 

l “Specified Dental Systems’, ” for any dental x-ray system designed for use with 

intraoral image receptors and manufactured after December 1,198O; under the 

heading “I-Other X-Ray System@,” for any dental x-ray system designed for 

use with intraoral image receptors and manufactured before December 1,1980, 

and all other x-ray systems subject to this section and manufactured before 

[insert date I year aftelr date ofpublication in the Federal Register]; and under 

the heading “II-Other X-Ray Systems3,” for all x-ray systems, except dental 

x-ray systems designed1 for use with intraoral image receptors, subject to this 

section and manufactured on or after [insert date 1 year after date of 

publication in the Federal Register]. If it is necessary to determine such HVL 

at an x-ray tube potential which is not listed in table 1 in paragraph (m)(l) 

e of this section, linear interpolation or extrapolation may be made. Positive 

means2 shall be provided to ensure that at least the minimum filtration needed 

to achieve the above beam quality requirements is in the useful beam during 

each exposure. Table 1 follows: 
TABLE 1. 

X-Ray lube Voltage Minimum HVL 
(kilovolt peak) (mm of aluminum) 

Designed Operating Range Measured Operating Potential Specified Dental Systems’ I-Other X-Ray System.9 II-Other X-Ray System9 

Below 51 30 15 0.3 0.3 

40 1.5 0.4 0.4 

50 1.5 0.5 0.5 

51 to 70 51 1.5 1.2 1.3 

60 1.5 1.3 1.5 

70 1.5 1.5 1.8 

71 2.1 2.1 2.5 

80 2.3 2.3 2.9 

Above 70 

90 2.5 2.5 3.2 

100 I 2.7 I 2.7 3.6 

2 In the case of a system, which is to be operated with more than one thickness of 
filtration, this requirement can be met by a filter interlocked with the kilovoltage selector 
which will prevent x-ray emissions if the minimum required filtration is not in place. 
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TABLE 1 .-Continued 

[Mildred Operating Potential Specified Dental Systems’ 1 l-CIfrZE~ms2 1 R--Other X-Ray System9 

-- I 110 I 3.0 I 3.0 I 3.9 I 
120 3.2 3.2 4.3 

130 3.5 3.5 4.7 

I- ~~ I 140 I 3.8 I 3.8 I 5.1 I 
I I 150 I 4.1 I 4.1 I 5.4 I 

1 Dental x-ray systems designed for use with intraoral image receptors and manufactured after December 1, 1980. 
ZDental x-ray systems desqped for use with intraoraf fmage r tors and manufactured before or on December 1, 1980. and all other x-ray systems subject to 

lidi se&n and manufactured before [insen’ dare 1 

I r 

after date o pubhcat~on in the Federal Register]. “p ‘. 
SAlI x-cay systems, except dental xtay s /sterns 

par a&f dale of pctbhth in the Federa 
sfgned for use with intraoral image receptors. subject to this section and manufactured on or after [insert date I 

Register]. 

(2) Optional filtration. Fluoroscopic systems manufactured on or after 

[insert date 1 year after date of publication in the Federal Register], 

incorporating an x-ray tube(s) with a continuous output of 1 kilowatt or more 

and an anode heat storage capacity of 1 million heat units or more shall 

provide the option of adding x-ray filtration to the diagnostic source assembly 

in addition to the amount needed to meet the HVL provisions of 

§ 1020.30(m)(l). The selection of this additional x-ray filtration shall be either 

at the option of the user or automatic as part of the selected mode of operation. 

A means of indicating Twhich combination of additional filtration is in the x- 

ray beam shall be provided. 

(3) Measuring compliance. For capacitor energy storage equipment, 

compliance shall be determined with the maximum selectable quantity of 

charge per exposure. 

(n) Aluminum equivalent of material between patient and image recepfor. 

Except when used in a CT x-ray system, the aluminum equivalent of each of 

the items listed in table 2 in paragraph (n) of this section, which are used 

e between the patient and image receptor, may not exceed the indicated limits. 

Compliance shall be determined by x-ray measurements made at a potential 

of 100 kilovolts peak and with an x-ray beam that has an HVL specified in 
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table 1 in paragraph (m)(l) of this section for the potential. This requirement 

applies to front panel(s) of cassette holders and film changers provided by the 

manufacturer for patient support or for prevention of foreign object intrusions. 

It does not apply to screens and their associated mechanical support panels 

or grids. Table 2 follows: 
TABLE 2. 

1. Front panel(s) of cassette Mders (total of all) 

2. Front panel(s) of ltbn changar (total d all) 

Item Maximum Aluminum Equivalent 
(millimeters) 

1.2 

1.2 

3. cradle I 2.3 

4. Tabletop. stationary, without articulated joints 1.2 

5. Tabletop. movable. without articulated joint(s) (including stationary subtop) 1.7 

6. Table@. with radiilucent panel having one articulated joint 1.7 

7. Tabletop. with radiilucent panel having two or more articulated joints I 2.3 

6. Tabletop, cantilevered I 2.3 

9. Tabletop. radiation therapy simulator I 5.0 

(0) Battery charge ~krdicator. On battery-powered generators, visual means 

shall be provided on the control panel to indicate whether the battery is in 

a state of charge adequate for proper operation. 

(p) [Reserved] 

(q) Modification of’ certified diagnostic x-ray components and systems. (1) 

Diagnostic x-ray components and systems certified in accordance with 5 1010.2 

of this chapter shall not be modified such that the component or system fails 

to comply with any applicable provision of this chapter unless a variance in 

accordance with § 101~1.4 of this chapter or an exemption under section 

534(a)(5) or 538(b) of thle Federal Food, Drug, and Cosmetic Act has been 

granted. 

a 
(2) The owner of a diagnostic x-ray system who uses the system in a 

professional or commercial capacity may modify the system, provided the 

modification does not result in the failure of the system or component to 
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comply with the applicable requirements of this section or of § 1020.31, 

1020.32, or 1020.33. The owner who causes such modification need not submit 

the reports required by subpart B of part 1002 of this chapter, provided the 

owner records the date and the details of the modification in the system 

records and maintains this information, and provided the modification of the 

x-ray system does not result in a failure to comply with § 1020.31, 1020.32, 

or 1020.33. 

w 3. Revise § 1020.31 to read as follows: 

9 1020.31 Radiographic equipment. 

The provisions of this section apply to equipment for radiography, except 

equipment for fluoroscopic imaging or for recording images from the 

fluoroscopic image receptor, or computed tomography x-ray systems 

a manufactured on or after November 29,1984. 

(a) Control and indication of technique factors-(l) Visual indication. The 

technique factors to be used during an exposure shall be indicated before the 

exposure begins, except when automatic exposure controls are used, in which 

case the technique factors which are set prior to the exposure shall be 

indicated. On equipment having fixed technique factors, this requirement may 

be met by permanent markings. Indication of technique factors shall be visible 

from the operator’s position except in the case of spot films made by the 

fluoroscopist. 

(2) Timers. Means shall be provided to terminate the exposure at a preset 

time interval, a preset product of current and time, a preset number of pulses, 

l or a preset radiation exposure to the image receptor. 

(i) Except during serial radiography, the operator shall be able to terminate 

the exposure at any time during an exposure of greater than one-half second. 
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Except during panoramic dental radiography, termination of exposure shall 

cause automatic resetting of the timer to its initial setting or to zero. It shall 

not be possible to make an exposure when the timer is set to a zero or off 

position if either position is provided. 

(ii) During serial radiography, the operator shall be able to terminate the 

x-ray exposure(s) at any time, but means may be provided to permit completion 

of any single exposure of the series in process. 

(3) Automatic exposure controls. When an automatic exposure control is 

provided: 

(i) Indication shall be made on the control panel when this mode of 

operation is selected; 

(ii) When the x-ray tube potential is equal to or greater than 51 kilovolts 

0 peak (kVp), the minimum exposure time for field emission equipment rated 

for pulsed operation sh.all be equal to or less than a time interval equivalent 

to two pulses and the minimum exposure time for all other equipment shall 

be equal to or less than l/60 second or a time interval required to deliver 5 

milliampere-seconds (InAs), whichever is greater; 

(iii) Either the product of peak x-ray tube potential, current, and exposure 

time shall be limited to not more than 60 kilowatt-seconds (kWs) per exposure 

or the product of x-ray tube current and exposure time shall be limited to not 

more than 600 mAs per exposure, except when the x-ray tube potential is less 

than 51 kVp, in which case the product of x-ray tube current and exposure 

time shall be limited to not more than 2,000 mAs per exposure; and 

0 (iv) A visible signa. shall indicate when an exposure has been terminated 

at the limits described in paragraph (a)(S)(iii) of this section, and manual 
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resetting shall be required before further automatically timed exposures can 

be made. 

(4) Accuracy. Deviation of technique factors from indicated values shall 

not exceed the limits given in the information provided in accordance with 

§ 1020.30(h)(s). 

(b) Reproducibility: The following requirements shall apply when the 

equipment is operated on an adequate power supply as specified by the 

manufacturer in accordlance with the requirements of § 1020.30(h)(3): 

(1) Coefficient of variation. For any specific combination of selected 

technique factors, the estimated coefficient of variation of the air kerma shall 

be no greater than 0.05.. 

(2) Measuring compliance. Determination of compliance shall be based on 

a 10 consecutive measurements taken within a time period of 1 hour. Equipment 

manufactured after September 5, 1978, shall be subject to the additional 

requirement that all variable controls for technique factors shall be adjusted 

to alternate settings and reset to the test setting after each measurement. The 

percent line-voltage regulation shall be determined for each measurement. All 

values for percent line-voltage regulation shall be within k-1 of the mean value 

for all measurements. For equipment having automatic exposure controls, 

compliance shall be determined with a sufficient thickness of attenuating 

material in the useful bIeam such that the technique factors can be adjusted 

to provide individual exposures of a minimum of 12 pulses on field emission 

equipment rated for pulsed operation or no less than one-tenth second per 

e 
exposure on all other elquipment. 

(c) Linearity. The following requirements apply when the equipment is 

operated on a power supply as specified by the manufacturer in accordance 
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with the requirements of § lOZO.3O(h)(3) f or any fixed x-ray tube potential 

within the range of 40 percent to 100 percent of the maximum rated. 

(1) Equipment having independent selection of x-ray tube current (mA). 

The average ratios of air kerma to the indicated milliampere-seconds product 

(mGy/mAs) obtained at any two consecutive tube current settings shall not 

differ by more than 0.10 times their sum. This is: 1x1 - X21 < 0.10(X1 + X2); 

where XI and X2 are the average mGy/mAs values obtained at each of two 

consecutive mAs selector settings or at two settings differing by no more than 

a factor of z where the mAs selector provides continuous selection. 

(2) Equipment having selection of x-ray tube current-exposure time 

product (mAs). For equipment manufactured after May 3,1994, the average 

ratios of air kerma to the indicated milliampere-seconds product (mGy/mAs) 

a obtained at any two consecutive mAs selector settings shall not differ by more 

than 0.10 times their sum. This is: (Xl - X21 IO.10 (Xl + X2); where X1 and 

X2 are the average mGy/mAs values obtained at each of two consecutive mAs 

selector settings or at tvvo settings differing by no more than a factor of 2 where 

the mAs selector provides continuous selection. 

(3) Measuring compliance. Determination of compliance will be based on 

10 exposures, made within 1 hour, at each of the two settings. These two 

settings may include any two focal spot sizes except where one is equal to 

or less than 0.45 mm and the other is greater than 0.45 mm. For purposes 

of this requirement, focal spot size is the focal spot size specified by the x- 

ray tube manufacturer. The percent line-voltage regulation shall be determined 

a for each measurement. All values for percent line-voltage regulation at any one 

combination of technique factors shall be within kl of the mean value for all 

measurements at these technique factors. 
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(d) Field limitation and alignment for mobile, portable, and stationary 

a general purpose x-ray systems. Except when spot-film devices are in service, 

mobile, portable, and stationary general purpose radiographic x-ray systems 

shall meet the following requirements: 

(1) Variable x-rayfield limitation. A means for stepless adjustment of the 

size of the x-ray field shall be provided. Each dimension of the minimum field 

size at an SID of 100 ce:ntimeters (cm) shall be equal to or less than 5 cm. 

(2) Visual definition. (i) Means for visually defining the perimeter of the 

x-ray field shall be provided. The total misalignment of the edges of the 

visually defined field with the respective edges of the x-ray field along either 

the length or width of the visually defined field shall not exceed 2 percent 

of the distance from the source to the center of the visually defined field when 

a the surface upon which it appears is perpendicular to the axis of the x-ray 

beam. 

(ii) When a light localizer is used to define the x-ray field, it shall provide 

an average illuminance of not less than 160 lux (15 footcandles) at 100 cm 

or at the maximum SID, whichever is less. The average illuminance shall be 

based on measurements made in the approximate center of each quadrant of 

the light field. Radiation therapy simulation systems are exempt from this 

requirement. 

(iii) The edge of the light field at 100 cm or at the maximum SID, 

whichever is less, shall have a contrast ratio, corrected for ambient lighting, 

of not less than 4 in the case of beam-limiting devices designed for use on 

0 
stationary equipment, and a contrast ratio of not less than 3 in the case of 

beam-limiting devices designed for use on mobile and portable equipment. The 

contrast ratio is defined as II&, where Ii is the illuminance 3 mm from the 
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edge of the light field toward the center of the field; and 12 is the illuminance 

3 mm from the edge of the light field away from the center of the field. 

Compliance shall be determined with a measuring aperture of 1 mm. 

(e) Field indication and alignment on stationary general purpose x-ray 

equipment. Except when spot-film devices are in service, stationary general 

purpose x-ray systems shall meet the following requirements in addition to 

those prescribed in paragraph (d) of this section: 

(1) Means shall be provided to indicate when the axis of the x-ray beam 

is perpendicular to the plane of the image receptor, to align the center of the 

x-ray field with respect to the center of the image receptor to within 2 percent 

of the SID, and to indicate the SID to within 2 percent; 

(2) The beam-limiting device shall numerically indicate the field size in 

e the plane of the image receptor to which it is adjusted; 

(3) Indication of field size dimensions and SIDs shall be specified in 

centimeters and/or inches and shall be such that aperture adjustments result 

in x-ray field dimensions in the plane of the image receptor which correspond 

to those indicated by the beam-limiting device to within 2 percent of the SID 

when the beam axis is indicated to be perpendicular to the plane of the image 

receptor; and 

(4) Compliance measurements will be made at discrete SIDs and image 

receptor dimensions in. common clinical use (such as SIDs of 100, 150, and 

200 cm and/or 36,40,48, and 72 inches and nominal image receptor 

dimensions of 13,18, 9!4, 30, 35,40, and 43 cm and/or 5, 7,8,9,10,11,12, 

a 
14, and 17 inches) or at any other specific dimensions at which the beam- 

limiting device or its associated diagnostic x-ray system is uniquely designed 

to operate. 
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(f) Field limitation on radiographic x-ray equipment other than general 

purpose radiographic s.ystems- (1) Equipment for use with intraoral image 

receptors. Radiographic equipment designed for use with an intraoral image 

receptor shall be provided with means to limit the x-ray beam such that: 

(i) If the minimum source-to-skin distance (SSD) is 18 cm or more, the 

x-ray field at the minimum SSD shall be containable in a circle having a 

diameter of no more than 7 cm; and 

(ii) If the minimum SSD is less than 18 cm, the x-ray field at the minimum 

SSD shall be containable in a circle having a diameter of no more than 6 cm. 

(2) X-ray systems designed for one image receptor size. Radiographic 

equipment designed for only one image receptor size at a fixed SID shall be 

provided with means to limit the field at the plane of the image receptor to 

e dimensions no greater than those of the image receptor, and to align the center 

of the x-ray field with the center of the image receptor to within 2 percent 

of the SID, or shall be provided with means to both size and align the x-ray 

field such that the x-ray field at the plane of the image receptor does not extend 

beyond any edge of the image receptor. 

(3) Systems designed for mammography-(i) Radiographic systems 

designed only for mammography and general purpose radiography systems, 

when special attachments for mammography are in service, manufactured on 

or after November 1,1%'7, and before September 30,1999, shall be provided 

with means to limit the useful beam such that the x-ray field at the plane of 

the image receptor does not extend beyond any edge of the image receptor 

at any designated SID except the edge of the image receptor designed to be 

adjacent to the chest wall where the x-ray field may not extend beyond this 

edge by more than 2 percent of the SID. This requirement can be met with 
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a system that performs as prescribed in paragraphs (f)@)(i), (f)(@(ii), and 

(f)(d)(iii) of this section. When the beam-limiting device and image receptor 

support device are designed to be used to immobilize the breast during a 

mammographic procedure and the SID may vary, the SID indication specified 

in paragraphs (f)(g)(ii) and (f)(d)(iii) of this section shall be the maximum SID 

for which the beam-limiting device or aperture is designed. 

(ii) Mammographic: beam-limiting devices manufactured on or after 

September 30,1999, shall be provided with a means to limit the useful beam 

such that the x-ray field at the plane of the image receptor does not extend 

beyond any edge of the image receptor by more than 2 percent of the SlD. 

This requirement can be met with a system that performs as prescribed in 

paragraphs KN4)tih Ifl(~N ii , and (f)(g)(iii) of this section. For systems that 1 

* allow changes in the SID, the SID indication specified in paragraphs (f)(d)(ii) 

and (f)(d)(iii) of this section shall be the maximum SID for which the beam- 

limiting device or aperture is designed. 

(iii) Each image receptor support device manufactured on or after 

November I, 1977, intended for installation on a system designed for 

mammography shall have clear and permanent markings to indicate the 

maximum image receptor size for which it is designed. 

(4) O ther x-ray sysi!ems. Radiographic systems not specifically covered in 

paragraphs kU, (4, V.W9 UX3L and (h) of this section and systems covered 

in paragraph (f)(l) of this section, which are also designed for use with 

extraoral image receptors and when used with an extraoral image receptor, 

a 
shall be provided with means to limit the x-ray field in the plane of the image 

receptor so that such field does not exceed each dimension of the image 

receptor by more than :! percent of the SID, when the axis of the x-ray beam 
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is perpendicular to the plane of the image receptor. In addition, means shall 

be provided to align the center of the x-ray field with the center of the image 

receptor to within 2 percent of the SID, or means shall be provided to both 

size and align the x-ray field such that the x-ray field at the plane of the image 

receptor does not exten’d beyond any edge of the image receptor. These 

requirements may be met with: 

(i) A system which performs in accordance with paragraphs (d) and (e) 

of this section; or when alignment means are also provided, may be met with 

either; 

(ii) An assortment of removable, fixed-aperture, beam-limiting devices 

sufficient to meet the requirement for each combination of image receptor size 

and SID for which the unit is designed. Each such device shall have clear and 

a 
permanent markings to indicate the image receptor size and SID for which it 

is designed; or 

(iii) A beam-limiting device having multiple fixed apertures sufficient to 

meet the requirement for each combination of image receptor size and SID for 

which the unit is designed. Permanent, clearly legible markings shall indicate 

the image receptor size and SID for which each aperture is designed and shall 

indicate which aperture is in position for use. 

(g) Positive beam Iimitation (PBL). The requirements of this paragraph 

shall apply to radiographic systems which contain PBL. 

(1) Field size. Whe:n a PBL system is provided, it shall prevent x-ray 

production when: 

0 
(i) Either the length or width of the x-ray field in the plane of the image 

receptor differs from the corresponding image receptor dimension by more 

than 3 percent of the SID; or 
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(ii) The sum of the length and width differences as stated in paragraph 

e (g)(l)(i) of this section without regard to sign exceeds 4 percent of the SID. 

(iii) The beam limiting device is at an SID for which PBL is not designed 

for sizing. 

(2) Conditions for PBL. When provided, the PBL system shall function as 

described in paragraph (g)(l) of this section whenever all the following 

conditions are met: 

(i) The image receptor is inserted into a permanently mounted cassette 

holder; 

(ii) The image receptor length and width are less than 50 cm; 

(iii) The x-ray beam axis is within f3 degrees of vertical and the SID is 

90 cm to 130 cm inclusive; or the x-ray beam axis is within +3 degrees of 

e 
horizontal and the SID is 90 cm to 205 cm inclusive; 

(iv) The x-ray beam axis is perpendicular to the plane of the image receptor 

to within +3 degrees; and 

(v) Neither tomographic nor stereoscopic radiography is being performed. 

(3) Measuring compliance. Compliance with the requirements of paragraph 

(g)(l) of this section shall be determined when the equipment indicates that 

the beam axis is perpendicular to the plane of the image receptor and the 

provisions of paragraph (g)(2) of this section are met. Compliance shall be 

determined no sooner than 5 seconds after insertion of the image receptor. 

(4) Operator initiated undersizing. The PBL system shall be capable of 

operation such that, at the discretion of the operator, the size of the field may 

a 
be made smaller than the size of the image receptor through stepless 

adjustment of the field size. Each dimension of the minimum field size at an 

SID of 100 cm shall be equal to or less than 5 cm. Return to PBL function 
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as described in paragraph (g)(l) of this section shall occur automatically upon 

e any change of image receptor size or SID. 

(5) Override ofPBL,. A capability may be provided for overriding PBL in 

case of system failure a:nd for servicing the system. This override may be for 

all SIDs and image receptor sizes. A key shall be required for any override 

capability that is accessible to the operator. It shall not be possible to remove 

the key while PBL is overridden. Each such key switch or key shall be clearly 

and durably labeled as follows: 

For X-ray Field Limitation System Failure 

The override capability is considered accessible to the operator if it is referenced 

in the operator’s manual or in other material intended for the operator or if its 

location is such that the operator would consider it part of the operational controls. 

e (h) Field limitation and alignment for spot-film devices. The following 

requirements shall apply to spot-film devices, except when the spot-film 

device is provided for use with a radiation therapy simulation system: 

(1) Means shall be provided between the source and the patient for 

adjustment of the x-ray field size in the plane of the image receptor to the 

size of that portion of the image receptor which has been selected on the spot- 

film selector. Such adjustment shall be accomplished automatically when the 

x-ray field size in the plane of the image receptor is greater than the selected 

portion of the image receptor. If the x-ray field size is less than the size of 

the selected portion of the image receptor, the field size shall not open 

automatically to the size of the selected portion of the image receptor unless 

(I) the operator has selected that mode of operation. 

(2) Neither the length nor the width of the x-ray field in the plane of the 

image receptor shall diFfer from the corresponding dimensions of the selected 



153 

portion of the image receptor by more than 3 percent of the SID when adjusted 

e for full coverage of the selected portion,of the image receptor. The sum, 

without regard to sign, of the length and width differences shall not exceed 

4 percent of the SID. On spot-film devices manufactured after February 25, 

1978, if the angle between the plane of the image receptor and beam axis is 

variable, means shall be provided to indicate when the axis of the x-ray beam 

is perpendicular to the plane of the image receptor, and compliance shall be 

determined with the beam axis indicated to be perpendicular to the plane of 

the image receptor. 

(3) The center of the x-ray field in the plane of the image receptor shall 

be aligned with the center of the selected portion of the image receptor to 

within 2 percent of the SID. 

* 
(4) Means shall be provided to reduce the x-ray field size in the plane 

of the image receptor to a size smaller than the selected portion of the image 

receptor such that: 

(i) For spot-film devices used on fixed-SID fluoroscopic systems which are 

not required to, and do not provide stepless adjustment of the x-ray field, the 

minimum field size, at the greatest SID, does not exceed 125 square cm; or 

(ii) For spot-film devices used on fluoroscopic systems that have a variable 

SID and/or stepless adjustment of the field size, the minimum field size, at 

the greatest SID, shall be containable in a square of 5 cm by 5 cm. 

(5) A capability ma.y be provided for overriding the automatic x-ray field 

size adjustment in case of system failure. If it is so provided, a signal visible 

a 
at the fluoroscopist’s position shall indicate whenever the automatic x-ray field 

size adjustment override is engaged. Each such system failure override switch 

shall be clearly labeled as follows: 
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For X-ray Field Limitation System Failure 

e (i) Source-skin dist~ance-(1) X-ray systems designed for use with an 

intraoral image receptor shall be provided with means to limit the source-skin 

distance to not less than: 

(i) Eighteen cm if operable above 50 kVp; or 

(ii) Ten cm if not oiperable above 50 kVp. 

(2) Mobile and portable x-ray systems other than dental shall be provided 

with means to limit the source-skin distance to not less than 30 cm. 

(j) Beam-on indicators. The x-ray control shall provide visual indication 

whenever x-rays are produced. In addition, a signal audible to the operator 

shall indicate that the exposure has terminated. 

(k) Multiple tubes. Where two or more radiographic tubes are controlled 

a by one exposure switch., the tube or tubes which have been selected shall be 

clearly indicated before initiation of the exposure. This indication shall be both 

on the x-ray control and at or near the tube housing assembly which has been 

selected. 

(1) Radiation from capacitor energy storage equipment. Radiation emitted 

from the x-ray tube shall not exceed: 

(1) An air kerma of 0.26 microGy (vice 0.03 mR exposure) in I minute 

at 5 cm from any accessible surface of the diagnostic source assembly, with 

the beam-limiting device fully open, the system fully charged, and the 

exposure switch, timer, or any discharge mechanism not activated. Compliance 

shall be determined by measurements averaged over an area of 100 square cm, 

m  
with no linear dimension greater than 20 cm; and 

(2) An air kerma of 0.88 mGy (vice 100 mR exposure) in 1 hour at 100 

cm from the x-ray source, with the beam-limiting device fully open, when the 
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system is discharged through the x-ray tube either manually or automatically 

0 by use of a discharge switch or deactivation of the input power. Compliance 

shall be determined by measurements of the maximum air kerma per discharge 

multiplied by the total number of discharges in 1 hour (duty cycle). The 

measurements shall be averaged over an area of 100 square cm with no linear 

dimension greater than 20 cm. 

(m) Primary protective barrier for mammography x-ray systems-(l) For 

x-ray systems manufactured after September 5,1978, and before September 30, 

1999, which are designed only for mammography, the transmission of the 

primary beam through any image receptor support provided with the system 

shall be limited such that the air kerma 5 cm from any accessible surface 

beyond the plane of the image receptor supporting device does not exceed 0.88 

* 
microGy (vice 0.1 mR exposure) for each activation of the tube. 

(2) For mammographic x-ray systems manufactured on or after September 

30, 1999: 

(i) At any SID where exposures can be made, the image receptor support 

device shall provide a primary protective barrier that intercepts the cross 

section of the useful beam along every direction except at the chest wall edge. 

(ii) The x-ray system shall not permit exposure unless the appropriate 

barrier is in place to intercept the useful beam as required in paragraph 

(m)(2)(i) of this section. 

(iii) The transmission of the useful beam through the primary protective 

barrier shall be limited such that the air kerma 5 cm from any accessible 

0 surface beyond the plane of the primary protective barrier does not exceed 0.88 

microGy (vice 0.1 mR e:xposure) for each activation of the tube. 
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(3) Compliance with the requirements of paragraphs (m)(l) and (m)(Z)(iii) 

of this section for transmission shall be determined with the x-ray system 

operated at the minimum SID for which it is designed, at the maximum rated 

peak tube potential, at the maximum rated product of x-ray tube current and 

exposure time (mAs) for the maximum rated peak tube potential, and by 

measurements averaged over an area of 100 square cm with no linear 

dimension greater than 20 cm. The sensitive volume of the radiation measuring 

instrument shall not be positioned beyond the edge of the primary protective 

barrier along the chest wall side. 

n 4. Revise § 1020.32 to1 read as follows: 

9 1020.32 Fluoroscopic equipment. 

The provisions of this section apply to equipment for fluoroscopic imaging 

* 
or for recording images from the fluoroscopic image receptor, except computed 

tomography x-ray systems manufactured on or after November 29,1984. 

(a) Primary protective barrier-(l) Limitation of useful beam. The 

fluoroscopic imaging assembly shall be provided with a primary protective 

barrier which intercepts the entire cross section of the useful beam at any SID. 

The x-ray tube used for fluoroscopy shall not produce x-rays unless the barrier 

is in position to intercept the entire useful beam. The AKR due to transmission 

through the barrier with the attenuation block in the useful beam combined 

with radiation from the fluoroscopic image receptor shall not exceed 3.34 x 

10-3 percent of the entrance AKR, at a distance of 10 cm from any accessible 

surface of the fluoroscopic imaging assembly beyond the plane of the image 

e 
receptor. Radiation therapy simulation systems shall be exempt from this 

requirement provided the systems are intended only for remote control 

operation and the manufacturer sets forth instructions for assemblers with 
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0 
respect to control location as part of the information required in § 1020.30(g). 

Additionally, the manufacturer shall provide to users, under § 1020.30(h)(l)(i), 

precautions concerning the importance of remote control operation. 

(2) Measuring compIjance. The AKR shall be measured in accordance with 

paragraph (d) of this section. The AKR due to transmission through the primary 

barrier combined with radiation from the fluoroscopic image receptor shall be 

determined by measurements averaged over an area of 100 square cm with no 

linear dimension greater than 20 cm. If the source is below the tabletop, the 

measurement shall be made with the input surface of the fluoroscopic imaging 

assembly positioned 30 cm above the tabletop. If the source is above the _ 

tabletop and the SID is variable, the measurement shall be made with the end 

of the beam-limiting device or spacer as close to the tabletop as it can be 

* placed, provided that it shall not be closer than 30 cm. Movable grids and 

compression devices shall be removed from the useful beam during the 

measurement. For all measurements, the attenuation block shall be positioned 

in the useful beam 10 cm from the point of measurement of entrance AKR 

and between this point and the input surface of the fluoroscopic imaging 

assembly. 

(b) Field Iimitation- Angulafion. For fluoroscopic equipment 

manufactured after February 25,1978, when the angle between the image 

receptor and the beam axis of the x-ray beam is variable, means shall be 

provided to indicate when the axis of the x-ray beam is perpendicular to the 

plane of the image rece;ptor. Compliance with paragraphs (b)(4) and (b)(5) of 

a 
this section shall be determined with the beam axis indicated to be 

perpendicular to the plane of the image receptor. 
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(2) Further means for limitation. Means shall be provided to permit further 

limitation of the x-ray field to sizes smaller than the limits of paragraphs (b)(4) 

and (b)(5). Beam-limiting devices manufactured after May 22,1979, and 

incorporated in equipment with a variable SID and/or the capability of a visible 

area of greater than 3010 square cm, shall be provided with means for stepless 

adjustment of the x-ray field. Equipment with a fixed SID and the capability 

of a visible area of no greater than 300 square cm shall be provided with either 

stepless adjustment of the x-ray field or with a means to further limit the x- 

ray field size at the plane of the image receptor to 125 square cm or less. 

Stepless adjustment shall, at the greatest SID, provide continuous field sizes 

from the maximum obtainable to a field size containable in a square of 5 cm 

by 5 cm. This paragraph does not apply to non-image-intensified fluoroscopy. 

(3) Non-image-intensified fluoroscopy. The x-ray field produced by non- 

image-intensified fluoroscopic equipment shall not extend beyond the entire 

visible area of the image receptor. Means shall be provided for stepless 

adjustment of field size. The minimum field size, at the greatest SID, shall be 

containable in a square of 5 cm by 5 cm. 

(4) Fluoroscopy and radiography using the fi’uoroscopic imaging assembly 

with inherently circular image receptors. (i) For fluoroscopic equipment 

manufactured before [insert date z year after date of publication in the Federal 

Register], other than radiation therapy simulation systems, the following 

applies: 

(A) Neither the length nor the width of the x-ray field in the plane of the 

a 
image receptor shall exceed that of the visible area of the image receptor by 

more than 3 percent of the SID. The sum of the excess length and the excess 

width shall be no greater than 4 percent of the SID. 
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(B) For rectangular x-ray fields used with circular image receptors, the 

0 error in alignment shall be determined along the length and width dimensions 

of the x-ray field which pass through the center of the visible area of the image 

receptor. 

(ii) For fluoroscopic equipment manufactured on or after [insert date 1 

year after date of publicatitin in the Federal Register], other than radiation 

therapy simulation systems, the maximum area of the x-ray field in the plane 

of the image receptor shall conform with one of the following requirements: 

(A) When any linear dimension of the visible area of the image receptor 

measured through the center of the visible area is less than or equal to 34 cm 

in any direction, at least 80 percent of the area of the x-ray field overlaps the 

visible area of the image receptor, or 

a (B) When any linear dimension of the visible area of the image receptor 

measured through the center of the visible area is greater than 34 cm in any 

direction, the x-ray field measured along the direction of greatest misalignment 

with the visible area of the image receptor does not extend beyond the edge 

of the visible area of the image receptor by more than 2 cm. 

(5) Fluoroscopy and radiography using the fluoroscopic imaging assembly 

with inherently rectangular image receptors. For x-ray systems manufactured 

on or after [insert date 2 year after date of publicafion in the Federal Register], 

the following applies: 

(i) Neither the length nor the width of the x-ray field in the plane of the 

image receptor shall exceed that of the visible area of the image receptor by 

a 
more than 3 percent of the SID. The sum of the excess length and the excess 

width shall be no greatler than 4 percent of the SID. 
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(ii) The error in alignment shall be determined along the length and width 

dimensions of the x-ray field which pass through the center of the visible area 

of the image receptor. 

(6) Override capability. If the fluoroscopic x-ray field size is adjusted 

automatically as the SID or image receptor size is changed, a capability may 

be provided for overriding the automatic adjustment in case of system failure. 

If it is so provided, a signal visible at the fluoroscopist’s position shall indicate 

whenever the automatic field adjustment is overridden. Each such system 

failure override switch shall be clearly labeled as follows: 

For X-ray Field Limitation System Failure 

(c) Activation of tube. X-ray production in the fluoroscopic mode shall 

be controlled by a device which requires continuous pressure by the operator 

a for the entire time of any exposure. When recording serial radiographic images 

from the fluoroscopic image receptor, the operator shall be able to terminate 

the x-ray exposure(s) at any time, but means may be provided to permit 

completion of any single exposure of the series in process. 

(d) Air kerma rates. For fluoroscopic equipment, the following 

requirements apply: 

(1) Fluoroscopic equipment manufactured before May 19, 1995-(i) 

Equipment provided with automatic exposure rate control (AERC) shall not 

be operable at any combination of tube potential and current that will result 
I 

in an AKR in excess of 88 mGy per minute (vice 10 R/min exposure rate) at 

the measurement point specified in § 1020.32(d)(3), except as specified in 

a 
§ 102&32(d)(l)(v) of th:is section. 

(ii) Equipment provided without AERC shall not be operable at any 

combination of tube potential and current that will result in an AKR in excess 
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of 44 mGy per minute (vice 5 R/min exposure rate) at the measurement point 

specified in 5 1020.32(d)(3), except as specified in § 102&32(d)(l)(v) of this 

section. 

(iii) Equipment provided with both an AERC mode and a manual mode 

shall not be operable at any combination of tube potential and current that 

will result in an AKR in excess of 88 mGy per minute (vice 10 R/min exposure 

rate) in either mode at the measurement point specified in § 1020.32(d)(3), 

except as specified in $i 1020.32(d)(l)(v) of this section. 

(iv) Equipment may be modified in accordance with § 1020.30(q) to 

comply with § 1020.32(d)(2). When the equipment is modified, it shall bear 

a label indicating the date of the modification and the statement: 

Modified to comply with 21 CFR 102&32(h)(2). 

* (v) Exceptions: 

(A) During recording of fluoroscopic images, or 

(B) When a mode of operation has an optional high-level control, in which 

case that mode shall not be operable at any combination of tube potential and 

current that will result in an AKR in excess of the rates specified in 

§ IOXU2(d)(l)(i), (d)(l)(ii), or (d)(l)(iii) at the measurement point specified in 

§ 1020x(d)(3), unless the high-level control is activated. Special means of 

activation of high-level controls shall be required. The high-level control shall 

be operable only when continuous manual activation is provided by the 

operator. A continuous signal audible to the fluoroscopist shall indicate that 

the high-level control is being employed. 

l (2) Fluoroscopic equipment manufactured on or after May 19, 1995--(i) 

Shall be equipped with. AERC if operable at any combination of tube potential 

and current that results in an AKR greater than 44 mGy per minute (vice 5 
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R/min exposure rate) at the measurement point specified in § 1020.32(d)(3). 

Provision for manual selection of technique factors may be provided. 

(ii) Shall not be operable at any combination of tube potential and current 

that will result in an AKR in excess of 88 mGy per minute (vice 10 R/min 

exposure rate) at the measurement point specified in § 102032(d)(3), except 

as specified in § 1020.32(d)(2)(iii) of this section: 

(iii) Exceptions: 

(A) For equipment manufactured prior to [inserf date 2 year after date of 

publication in the Federal Register], during the recording of images from a 

fluoroscopic image receptor using photographic film or a video camera when 

the x-ray source is operated in a pulsed mode. 

a 

(B) For equipment manufactured on or after [insert date 2 year after date 

ofpublication in the Federal Register], during the recording of images from 

the fluoroscopic image receptor for the purpose of providing the user with a 

recorded image(s) after termination of the exposure. Such recording does not 

include images resulting from a last-image-hold feature that are not recorded. 

(C) When a mode of operation has an optional high-level control and the 

control is activated, in which case the equipment shall not be operable at any 

combination of tube potential and current that will result in an AKR in excess 

of 176 mGy per minute (vice 20 R/min exposure rate) at the measurement point 

specified in § 1020.32(d)(3). Special means of activation of high-level controls 

shall be required. The high-level control shall be operable only when 

continuous manual activation is provided by the operator. A continuous signal 

0 audible to the fluoroscopist shall indicate that the high-level control is being 

employed. 
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a 
(3) Measuring compliance. Compliance with paragraph (d) of this section 

shall be determined as follows: 

(i) If the source is below the x-ray table, the AKR shall be measured at 

1 cm above the tabletop or cradle. 

(ii) If the source is above the x-ray table, the AKR shall be measured at 

30 cm above the tabletop with the end of the beam-limiting device or spacer 

positioned as closely as possible to the point of measurement. 

(iii) In a C-arm type of fluoroscope, the AKR shall be measured at 30 cm 

from the input surface of the fluoroscopic imaging assembly, with the source 

positioned at any available SID, provided that the end of the beam-limiting 

device or spacer is no closer than 30 cm from the input surface of the 

fluoroscopic imaging assembly. 

@  
(iv) In a C-arm type of fluoroscope having an SID less than 45 cm, the 

AKR shall be measured at the minimum SSD. 

(v) In a lateral type of fluoroscope, the air kerma rate shall be measured 

at a point 15 cm from the centerline of the x-ray table and in the direction 

of the x-ray source with the end of the beam-limiting device or spacer 

positioned as closely as possible to the point of measurement. If the tabletop 

is movable, it shall be positioned as closely as possible to the lateral x-ray 

source, with the end of the beam-limiting device or spacer no closer than 15 

cm to the centerline of the x-ray table. 

(4) Exemptions. Fluoroscopic radiation therapy simulation systems are 

exempt from the requirements set forth in paragraph (d) of this section. 

(e) [Reserved] 

l (f) Indication ofpotential and current. During fluoroscopy and 

cinefluorography, x-ray tube potential and current shall be continuously 

indicated. Deviation of x-ray tube potential and current from the indicated 
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l 
values shall not exceed! the maximum deviation as stated by the manufacturer 

in accordance with § l(XXL3O(h)(3). 

(g) Source-skin distance. (1) Means shall be provided to limit the source- 

skin distance to not less than 38 cm on stationary fluoroscopes and to not less 

than 30 cm on mobile and portable fluoroscopes. In addition, for fluoroscopes 

intended for specific surgical application that would be prohibited at the 

source-skin distances specified in this paragraph, provisions may be made for 

operation at shorter source-skin distances but in no case less than 20 cm. When 

provided, the manufacturer must set forth precautions with respect to the 

optional means of spacing, in addition to other information as required in 

§ 1020.30(h). 

(2) For stationary, mobile, or portable C-arm fluoroscopic systems 

e manufactured on or after [insert date I year after date of publication in the 

Federal Register], having a maximum source-image receptor distance of less 

than 45 cm, means shall be provided to limit the source-skin distance to not 

less than 19 cm. Such systems shall be labeled for extremity use only. In 

addition, for those systems intended for specific surgical application that 

would be prohibited at the source-skin distances specified in this paragraph, 

provisions may be made for operation at shorter source-skin distances but in 

no case less than 10 cm. When provided, the manufacturer must set forth 

precautions with respect to the optional means of spacing, in addition to other 

information as required in 5 1020.30(h). 

(h) Fluoroscopic irradiation time, display, and signal. (l)(i) Fluoroscopic 

e 
equipment manufactured before [insert date z year tiffer date of publication 

in fhe Federal Register], shall be provided with means to preset the cumulative 

irradiation time of the fluoroscopic tube. The maximum cumulative time of 
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the timing device shall not exceed 5 minutes without resetting. A signal 

audible to the fluoroscopist shall indicate the completion of any preset 

cumulative irradiation-time. Such signal shall continue to sound while x-rays 

are produced until the timing device is reset. Fluoroscopic equipment may be 

modified in accordance with § 1020.30(q) to comply with the requirements of 

§ 1020.32(h)(2). When the equipment is modified, it shall bear a label 

indicating the statement: 

Modified to comply with 21 CFR 1020.32(h)(2). 

(ii) As an alternative to the requirements of this paragraph, radiation 

therapy simulation systems may be provided with a means to indicate the total 

cumulative exposure time during which x-rays were produced, and which is 

capable of being reset between x-ray examinations. 

0 (2) For x-ray controls manufactured on or after [insert date 2 year after 

date ofpublication in the Federal Register], there shall be provided for each 

fluoroscopic tube: 

(i) A display of the fluoroscopic irradiation time at the fluoroscopist’s 

working position. This display shall function independently of the audible 

signal described in § 1020.32(h)(Z)(ii). The following requirements apply: 

(A) When the x-ray tube is activated, the fluoroscopic irradiation time in 

minutes and tenths of minutes shall be continuously displayed and updated 

at least once every 6 seconds. 

(B) The fluoroscopic irradiation time shall also be displayed within 6 

0 

seconds of termination of an exposure and remain displayed until reset. 

(C) Means shall be provided to reset the display to zero prior to the 

beginning of a new examination or procedure. 
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(ii) A signal audible to the fluoroscopist shall sound for each passage of 

5 minutes of fluoroscopic irradiation time during an examination or procedure. 

The signal shall sound until manually reset or, if automatically reset, for at 

least 2 second. 

(i) Mobile and por:table fluoroscopes. In addition to the other requirements 

of this section, mobile and portable fluoroscopes shall provide an image 

receptor incorporating more than a simple fluorescent screen. 

(j) Display oflast-image-hold &.@I”. Fluoroscopic equipment manufactured 

on or after [insert date 1 year after date of publication in the Federal Register], 

shall be equipped with means to display LIH image following termination of 

the fluoroscopic exposure. 

(1) For an LIH image obtained by retaining pretermination fluoroscopic 

e images, if the number of images and method of combining images are selectable 

by the user, the selection shall be indicated prior to initiation of the 

fluoroscopic exposure. 

(2) For an LIH image obtained by initiating a separate radiographic-like 

exposure at the termination of fluoroscopic imaging, the techniques factors for 

the LIH image shall be selectable prior to the fluoroscopic exposure, and the 

combination selected shall be indicated prior to initiation of the fluoroscopic 

exposure. 

(3) Means shall be provided to clearly indicate to the user whether a 

displayed image is the LIH radiograph or fluoroscopy. Display of the LIH 

radiograph shall be replaced by the fluoroscopic image concurrently with re- 

m  initiation of fluoroscopic exposure, unless separate displays are provided for 

the LIH radiograph and fluoroscopic images. 
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(4) The predetermined or selectable options for producing the LIH 

radiograph shall be described in the information required by § 1020.30(h). The 

information shall include a description of any technique factors applicable for 

the selected option and the impact of the selectable options on image 

characteristics and the magnitude of radiation emissions. 

(k) Displays of values of AKR and cumulative air kerma. Fluoroscopic 

equipment manufactured on or after [insert date 1 year: after date of publication 

in the Federal Register], shall display at the fluoroscopist’s working position 

the AKR and cumulative air kerma. The following requirements apply for each 

x-ray tube used during an examination or procedure: 

(1) When the x-ray tube is activated and the number of images produced 

per unit time is greater than six images per second, the AKR in mGy/min shall 

e be continuously displayed and updated at least once every second. 

(2) The cumulative air kerma in units of mGy shall be displayed either 

within 5 seconds of ter:mination of an exposure or displayed continuously and 

updated at least once every 5 seconds. 

(3) The display of t-he AKR shall be clearly distinguishable from the 

display of the cumulative air kerma. 

(4) The AKR and cumulative air kerma shall represent the value for 

conditions of free-in-air irradiation at one of the following reference locations 

specified according to the type of fluoroscope. The reference location shall be 

identified and describe’d specifically in the information provided to users 

according to § 1020.30(.h)(6)(iii). 

a (i) For fluoroscopes with x-ray source below the x-ray table, x-ray source 

above the table, or of lateral type, the reference locations shall be the respective 
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locations specified in 3; 1020.32(d)(3)(i), (d)(S)(ii), or (d)(S)(v) for measuring 

compliance with air-kerma rate limits. 

(ii) For C-arm fluoroscopes, the reference location shall be 15 cm from the 

isocenter toward the x-ray source along the beam axis. Alternatively, the 

reference location shall be at a point specified by the manufacturer to represent 

the location of the intersection of the x-ray beam with the patient’s skin. 

(5) Means shall be provided to reset to zero the display of cumulative air 

kerma prior to the commencement of a new examination or procedure. 

(6) The displayed AKR and cumulative air kerma shall not deviate from 

the actual values by more than &35 percent over the range of 6 mGy/min and 

100 mGy to the maximum indication of AKR and cumulative air kerma, 

respectively. Compliance shall be determined with an irradiation time greater 

e than 3 seconds. 

w 5. Amend § 1020.33 by revising paragraph (h)(2) to read as follows: 

9 1020.33 Computed tomography (CT) equipment. 

* * * * * 

(h) * * * 

(2) For systems tha.t allow high voltage to be applied to the x-ray tube 

continuously and that control the emission of x-ray with a shutter, the 

radiation emitted may not exceed 0.88 milligray (vice 100 milliroentgen 

exposure) in I hour at any point 5 cm outside the external surface of the 

housing of the scanning mechanism when the shutter is closed. Compliance 

shall be determined by measurements average over an area of 100 square cm 

e with no linear dimension greater than 20 cm. 

* * * * * 
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